Regulation of endogenous gene expression using small molecule-controlled engineered zinc-finger protein transcription factors.
Small-molecule-regulated gene expression offers the promise of titrating the dose and duration of action of DNA-based therapies. To this end, we show that engineered zinc-finger protein transcription factors (ZFP TFs) can be coupled with a drug-inducible regulatory domain to permit small-molecule control of endogenous gene transcription. We constructed a drug-responsive ZFP TF via the fusion of a ZFP DNA-binding domain (DBD) targeting the human VEGF-A gene and an effector domain containing a truncated progesterone receptor ligand-binding domain linked to the NFkappaB p65 activation domain. Introduction of this engineered ZFP TF into human or murine cells allowed expression of the chromosomal VEGF-A gene to be induced upon addition of mifepristone, a synthetic steroid analog. Mifepristone-dependent VEGF-A induction was rapid, dose-dependent and reversible. Moreover, stable lines expressing the drug-responsive ZFP TF could be maintained in a state of continuous induction for at least 30 days without loss of viability. Potent VEGF-A induction was demonstrated using different engineered ZFP DBDs, thus this approach may represent a general solution to small-molecule regulation of targeted endogenous genes.